In this paper we investigate whether a standard life cycle model in which households purchase nondurable consumption and consumer durables and face idiosyncratic income and mortality risk as well as endogenous borrowing constraints can account for two key patterns of consumption and asset holdings over the life cycle. First, consumption expenditures on both durable and nondurable goods are hump-shaped. Second, young households keep very few liquid assets and hold most of their wealth in consumer durables. The …rst pattern persists even after controlling for family size and constitutes a puzzle from the perspective of complete market models, in which individuals smooth consumption over their lifetime. The second pattern suggests that we need to explicitly model durables to understand households'life cycle consumption and portfolio allocation. In our model durables play a dual role: they provide both consumption services and act as collateral for loans. A plausibly parameterized version of the model predicts that the interaction of consumer durables and endogenous borrowing constraints induces durables accumulation early in life and higher consumption of nondurables and accumulation of …nancial assets later in the life cycle, in an order of magnitude consistent with observed data. We thus conclude that durables are a key feature to explain both the hump in consumption of durables and nondurables and the optimal asset allocation of households.
Introduction
In this paper we investigate whether a standard life cycle model in which households purchase nondurable consumption and consumer durables and face idiosyncratic income and mortality risk as well as endogenous borrowing constraints can account for two key patterns of consumption and asset holdings over the life cycle. First, consumption expenditures on both durable and nondurable goods are hump-shaped: expenditures are low early in life, then rise considerably until about age 50, and fall again. The average household in the Survey of Consumer Expenditures spends 63% more when the head of the household is 50 than when she is 25 and around 70% more than when she is 65. Second, young households keep very few liquid assets and hold most of their wealth in consumer durables 1 . Later in life, then, families accumulate signi…cant amounts of …nancial assets for retirement. The importance of durables is also mirrored in the aggregate composition of wealth: households hold 35% of their total assets in real estate and other consumer durables and only 28% in equity 2 . As we will discuss below, the …rst fact, the hump in consumption expenditures persists even after controlling for family size and constitutes a puzzle from the perspective of the standard life-cycle model with complete …nancial markets, according to which individuals smooth consumption over their lifetime and across states of the world. Understanding this puzzle is not only interesting from a theoretical perspective, but also crucial for applied policy analysis. As individual behavior changes over the life cycle, so will the e¤ects of social security reform, the public provision of saving incentives or the welfare consequences of progressive taxation vary by age groups. For an accurate quantitative assessment of policy reforms is thus essential to establish a coherent explanation for changes in consumption and savings behavior over the life cycle that gives rise to the hump in consumption.
The second fact, the life-cycle pattern of households portfolio composition, suggests that it is required to explicitly model the purchase decision of consumer durables to understand households'consumption and portfolio allocation decisions. This constitutes a departure from the tradition in the life-cycle consumption literature which has largely ignored the presence of durables. This omission is problematic if the purchase of durables and the ‡ow of services generated by them interacts with nondurable consumption in a nonseparable way. 1 From now on we will use the term consumer durables or, more simply, durables to include houses and other consumer durable goods. See Section 2 for detailed data on these two empirical observations. 2 See Flow of Funds Accounts, second quarter 1998.
3
For example, recent explanations of the life cycle hump in nondurable consumption provided by Carroll (1997) or Gourinchas and Parker (2002) rely crucially on households consuming, up to the age of 40, all of their income, apart from some small bu¤er stock used to insure against future bad income shocks. We will argue that, in the presence of consumer durables in the model, households behave quite di¤erently: they accumulate durables early in life and consume the rest of disposable income, without any saving in …nancial assets. In this period of their lives durables not only provide consumption service ‡ows, but are also used as collateralizable insurance against uninsurable idiosyncratic income risk. Our model also distinguishes itself from standard household portfolio choice model that, on one hand, explicitly include the presence of durables such as housing, but on the other hand usually ignore the life cycle dimension of a household. 3 Thus these models by construction cannot explain the observation of little accumulation of liquid assets early in life in the data. Instead of interpreting this fact as indicating that young households do not to save, as one is forced to when considering a standard life-cycle model of consumption without durables, we will demonstrate that it is optimal for households to save in durables early in life and to shift to the accumulation of …nancial assets only later on in the life cycle.
In order to substantiate our claims we construct a dynamic general equilibrium life cycle model of consumption and saving with labor income uncertainty and borrowing constraints to formally evaluate whether such a model can explain the two empirical observations mentioned above in a uni…ed framework. The crucial elements of our model are a) a highly persistent stochastic idiosyncratic labor income process with b) a hump-shaped mean over the life cycle; c) the presence of durables that yield consumption services and can be used as collateral, in addition to a standard one-period bond whose short sales are subject to a borrowing constraint; d) endogenous determination of the interest rate in general equilibrium.
We now justify the key elements of our model. The …rst two elements are fairly standard in the literature on life cycle consumption and mainly motivated by the empirical observation that, even if households face substantial idiosyncratic labor income risk (see e.g. Gottschalk and Mo¢ tt (1994) ), on average labor income follows a hump-shaped pattern over the life cycle with peak around the age of 50 (see Hansen (1993) ). The third and fourth elements of the model are novel features to the literature we wish to contribute to. The presence of consumer durables is motivated by the empirical observation that they constitute a large fraction of households asset holdings. Furthermore, as mentioned above, the life-cycle pattern of nondurable consumption may be intimately related to the life cycle pattern of the accumulation of durables, so that abstracting from them may severely bias any study of the life cycle pro…le of nondurable consumption and asset accumulation. Finally, we determine the interest rate of the economy endogenously in general equilibrium because the life cycle pro…le of consumption and asset accumulation depends crucially on the ratio between 3 A notable exception is Cocco, Gomes and Maenhout (2002) . 4 the subjective time discount factor and the interest rate. The discipline of general equilibrium determines this ratio endogenously in our model and therefore restricts our possibility to predetermine the results by appropriate choice of both the interest rate and the time discount factor 4 . In addition, since we want to extend our line of research to the study of the interactions between durables and the business cycle and to evaluations of the welfare e¤ects of di¤erent …scal policies, we view endogenous price and interest rate determination not only as attractive from a theoretical perspective, but also as quantitatively crucial for addressing these questions.
Our main …ndings are summarized as follows. In the empirical part of the paper we use data from the Consumer Expenditure Survey to show that consumption expenditure of both durables and nondurables follows a hump-shape pattern over the life cycle. We also use data from the Survey of Consumer Finances to document that young households virtually own no liquid …nancial assets, but hold a major fraction of their wealth portfolio as durables, while only later in life the composition of household portfolios shifts in favor of …nancial assets.
Our second contribution is to demonstrate that a plausibly parametrized version of our model can quantitatively explain these empirical …ndings as arising from rational choices of consumers facing an increasing wage pro…le and income uncertainty. The interaction between consumer durables that provide both consumption and collateral services, and endogenous borrowing constraints gives rise to accumulation of durables (and no accumulation of …nancial assets) early in life and substitution towards higher consumption of nondurables and the accumulation of …nancial assets later in life.
This work is related to several strands of the literature. On the empirical side it adds to the discussion about the life cycle pro…le of consumption observed in cross sectional micro data. Important references include Attanasio and Browning (1995) , Attanasio and Weber (1995) , Blundell et al. (1994) and Gourinchas and Parker (2002) . The key question in the context of our paper is whether, once changes in family size are controlled for, consumption still follows a hump-shaped life cycle pro…le. The key empirical …nding of our paper is the presence of a hump-shape pro…le not only for nondurable consumption, but also for expenditures on consumer durables.
On the theoretical side, the basic building block of our model is the classic income ‡uctuation problem in which a consumer faces a stochastic income process and decides how much to consume and how much to save. Contributors to this literature include Deaton (1991) , Carroll (1992 and and Gourinchas and Parker (2002) . Following Bewley (1986) the income ‡uctuation problem has been embedded by Huggett (1993) and Aiyagari (1994) into general equilibrium, giving rise to the endogenous determination of the interest rate as well as a nontrivial income, wealth and consumption distribution in equilibrium. Our pa-per incorporates consumer durables and endogenous borrowing constraints into Aiyagari's framework; the speci…cation of the borrowing constraint is adapted from the recent endogenous incomplete markets literature (see Alvarez and Jermann (2000) Kehoe and Levine (1993) , Kocherlakota (1993) , and Perri (1999, 2005) ). Lustig (2004) also presents a model with a durable asset and endogenous borrowing constraints to explain the equity premium puzzle; in his model, however, agents have access to a full set of Arrow securities and are in…nitely lived. Our model shares some of his elements, but our focus is on the life-cycle consumption and asset allocation whereas Lustig studies the pricing implications of endogenous borrowing constraints.
Although our focus is on the life cycle pattern of consumption of durables and nondurables, our model also has implications for the optimal portfolio allocation between …nancial assets and durables at each point of the life cycle. Therefore the paper makes contact to the literature on optimal portfolio choice in the presence of consumer durables, as Chah et al. (1995) , Eberly (1994) , Flavin and Yamashita (2002) and Grossman and Laroque (1990) . Finally, the paper also relates to the literature of Real Business Cycles with a household production sector (see Greenwood et al. (1995) for a review). We share their focus on an explicit treatment of the household sector in dynamic general equilibrium and its dynamic behavior; we do not, however, model aggregate uncertainty.
The paper is organized as follows. In Section 2 we present empirical results from the Consumer Expenditure Survey documenting a hump-shape in both nondurable and durable consumption expenditures even after controlling for household size. We also discuss the evidence on the life cycle pattern of wealth composition derived from the Survey of Consumer Finances. In Section 3 we present our model and de…ne equilibrium. Section 4 is devoted to a discussion of the model calibration and Section 5 presents the quantitative results obtained from the benchmark calibration of the model. Section 6 performs sensitivity analysis and Section 7 concludes. Technical discussions about our empirical methods, the data used, the computational algorithm and all …gures are contained in the appendix.
Empirical Findings
This section presents our empirical …ndings on consumption and wealth accumulation over the life cycle. We …rst document life cycle pro…le of consumption using data from the Consumer Expenditure Survey (CEX), dealing explicitly with the issue of changing household size over the life-cycle. A more extensive discussion of the results in this section can be found in our empirical companion paper, Fernández-Villaverde and Krueger (2007) . We then turn to the Survey of Consumer Finances (SCF) in order to document life-cycle pattern of wealth and portfolio allocation. We point out that the structure of household portfolios changes with age, and that housing and other consumer durables play a quantitatively crucial role in most of households'portfolios. 6 
Life Cycle Pro…les of Consumption
A basic prediction of the life-cycle model with complete …nancial markets is that the life-cycle consumption pro…les should be smooth. If the period utility function is time-invariant and the time discount factor is constant, then households choose consumption plans to equate marginal utility across time and states of the world, possibly with some growth rate, depending on the relative size of the real interest rate and the discount factor. Under CRRA period utility consumption growth itself should be constant across time. With complete markets, consumption smoothing can be achieved through the transfer of contingent claims across periods and states 5 . The …rst empirical question, motivated by standard economic theory, we want to answer is therefore whether smooth consumption pro…les are indeed observed over the life cycle in household-level consumption data.
During the eighties some agreement arose that the answer to this question was negative (see Deaton (1992) for an overview). The main stylized fact emerging from this literature was that consumption seems to track income over the life cycle, changing only when income changes, and not already when it becomes known that income will change, as economic theory predicts. This evidence was interpreted as indicating the presence of liquidity constraints or other …nancial market imperfections. Since labor income follows a hump over the life cycle, these imperfections then imply the consumption hump over the life cycle in the data.
Recently this view has been disputed by Blundell et al. (1994) , Attanasio and Browning (1995) and especially Attanasio et al. (1999) . These authors argue that once the consumption data are appropriately adjusted for changes in household size (which is also hump-shaped over the life cycle) and composition the hump in life cycle consumption disappears. We will challenge this view and argue that consumption follows a hump even after controlling for demographics. For that we will use 1980-2001 data from the Consumer Expenditure Survey (CEX).
The CEX Data
During the last few years, the CEX has become one of the main sources for empirical work on consumption (see Attanasio, 1999 for a survey). The CEX is a rotating panel of about 5000 households, where each household is interviewed every three months over …ve calendar quarters, and every quarter 20 percent of the sample is replaced by new households.
In order to document life cycle pro…le for consumption in the way economic theory envisions it there exist two main problems arising from the CEX. First, the CEX only measures consumption expenditures, and not the consumption service ‡ows from these expenditures. Second, the CEX only contains a very limited panel dimension, as households provide at most four subsequent quarters of consumption data. In Fernandez-Villaverde and Krueger (2007) we discuss in detail how we address both issues. Here we provide a short summary of our discussion.
Expenditures versus Consumption
Since the CEX does not report a measure of consumption services we are left with analyzing expenditures on consumption goods. While this distinction is not important very relevant for nondurable goods, but it is crucial in the case of consumer durables. However, the CEX does not allow us to reliably impute service ‡ows from information on the stock of consumer durables. Nevertheless, our theoretical model below has implications for the life-cycle pro…le of expenditures on nondurables and durables, and thus it is useful to document the empirical pro…les from the CEX here. Our empirical results may serve as a benchmark against which the quantitative predictions of our model as well as other models can be evaluated.
Constructing a Pseudopanel
Since the CEX does not have a signi…cant panel dimension, we construct a pseudopanel or synthetic cohort panel (see Deaton, 1985) to document lifecycle consumption pro…les. We use the age of the reference person to associate a household with a cohort and de…ne 10 cohorts with a length of …ve years. In order to generate a balanced Panel with consumption data over the life cycle we compute the means of cohort consumption, using CEX-provided population weights.
Speci…cation and Estimation of Life-Cycle Pro…les
We propose to estimate life cycle consumption expenditure pro…les by a simple and ‡exible seminonparametric regression that controls for cohort and time e¤ect with dummy variables and puts relatively little parametric structure on the dependence of consumption on age. In particular, we specify the partially linear model:
where c it is the cohort i average of log-consumption at time t, cohort i is a dummy for each cohort (except the youngest one), t a dummy for each quarter, age it is the age of cohort i at time t, measured in years, m (age it ) = E (c it jage it ) is a smooth function of age it ; and " it is an independent, zero mean, random error. The random term captures multiplicative measurement error in consumption expenditures (since the dependent variable is log-consumption) as well as unobserved cross-sectional heterogeneity. We estimate the partially linear model using the two-step estimator proposed by Speckman (1988) . This estimator combines ordinary least squares to estimate the parametric component with a standard kernel smoothing estimator to estimate the nonparametric component. 6 In order to separately identify time, age, and cohort e¤ects we follow Deaton (1997) and assume that time e¤ects are orthogonal to a time trend and that their sum is normalized to zero.
Controlling for Family Size: Household Equivalence Scales
Before carrying out the estimation of consumption pro…les we need to quantify how much of the hump in consumption over the life cycle is explained by changes in household size and composition. For this purpose we employ household equivalence scales, which measure the change in consumption expenditures needed to keep the welfare of a family constant when its size varies. 7 In our companion paper we survey the large literature on household equivalence scales before settling on a particular scale. 8 We now de ‡ate consumption expenditure measures C jt from the CEX for household j at quarter t by the equivalence scale es jt obtained from the demographic information of the household. This results in adjusted household consumptionĉ jt = log Cjt esjt . Letc it denote the synthetic cohort i average ofĉ jt ; which we now use to estimate the partially linear model in equation (1).
Results
Figures 2.1-2.3 show life-cycle pro…les of total expenditure (…gure 2.1), expenditures on nondurables (…gure 2.2), and expenditure on durables (…gure 2.3), controlling for cohort and time e¤ects but not for family size. In all …gures, consumption expenditures follow a clear hump. Note that the humps for durables and nondurables are of similar magnitude and occur at the same age, roughly in the late forties of the household.
We now control for household size using equivalence scales and repeat our analysis. 9 The results are summarized in …gures 2.4-2.6. Adjusting consumption for family size reduces the magnitude of the hump, measured as the ratio between consumption at the peak and at the beginning of the life cycle, by about 50 percent. However, half of the hump persists even after controlling for 6 Our estimator is described in detail in Fernandez-Villaverde and Krueger (2004) , where we also provide a detailed discussion of the advantages of our seminonparamtric procedure. 7 Early papers that de ‡ate household consumption expenditure by a function of family size include Zeldes (1989) , who adds adjusted food requirements as a regressor in some of his Euler equation estimates, and Blundell et al. (1994) , who plot the life-cycle path of consumption, de ‡ated by the number of adults plus 0:4 times the number of children in the household, for U.K. data. 8 This scale implies that a household of two needs 1.34 the consumption expenditure of a single household, with further additions to household size requiring an increment of 65%; 97% and so on. See Fernandez-Villaverde and Krueger (2004) for the details. There we also provide sensitivty analysis with respect to our particular choice of the equivalence scale. 9 The time e¤ects are small, with the exception of signi…cantly negative values in 1992 and signi…cantly positive values for the quarters in 1984 and in 1997 and 1998. This pattern is consistent with standard business cycle dating. The cohort e¤ects are fairly small as well.
family size: adjusted quarterly total consumption increases from around $2550 to nearly $3300 and then decreases to about $1800 (see …gure 2.4). Relative to the unadjusted data we also observe that the peak in life-cycle consumption is postponed, roughly to the age of 50.
In …gure 2.5 we show adjusted nondurable consumption. Again the size of the hump is reduced by 50%, as a comparison with …gure 2.2 reveals. With respect to expenditures of consumer durables, …gure 2.6 yet again displays a clear hump. Now, however, expenditures are already fairly high at the beginning of the life cycle, capturing …rst purchases of durable goods by young households. Comparing …gures 2.5 and 2.6 we observe that the reduction of the hump due to adjustment for household size is quite similar for nondurables and durables. Furthermore, both pro…les peak at around the same household age. 10 In summary, our analysis demonstrates that even though changes in household size can account for around half of the hump in life cycle consumption and thus are crucial in understanding life-cycle pro…les, the other half remains a puzzle from the perspective of the standard life-cycle model with complete …nancial markets. This is especially true for the pro…le of expenditures on consumer durables. If the period utility function is separable in nondurable consumption and services from durables, the real interest rate is equal to the time discount factor and constant over time, then it is optimal to simply purchase the desired stock of durables early in life and to only replace depreciation from there on. In contrast, our data display that the process of durables accumulation is incremental over the life cycle, consistent with other work that has documented liquidity constraints in the purchases of consumption durables ( 
Life Cycle Pro…les of Wealth
How do the …ndings in the previous subsection relate to observed patterns of wealth accumulation and portfolio composition over the life cycle? One of the most authoritative sources on households'asset holdings is the Survey of Consumer Finances (SCF), a triennial survey of U.S. households undertaken by the Federal Reserve System. The SCF interviews a representative cross section of over 4000 households, and collects data about their demographics characteristics, assets and debts. Since the short number of repeated surveys (six, of which only four are directly comparable) precludes the building of a pseudo-panel, we will focus on the cross-sectional aspect of the data. We will use the 1995 survey information to document several important aspects of the life cycle pro…le of households assets.
The pattern of life cycle wealth is shown in Figure 2 .7. We plot the house-holds mean and median net worth along the life cycle 11 . Two main points arise from this …gure. First, as for consumption expenditures, wealth also follows a hump-shaped pattern over the life cycle. Households accumulate wealth from the beginning of their lives until retirement, the moment at which they begin to run down their wealth. It is noticeable, however, that wealth stays relatively high even after the age of 80. Second, wealth is highly unequally distributed, as can be seen from the large ratio between household mean and median net worth; this ratio attains its maximum over the life cycle at around 400 per cent just before retirement.
Additional interesting information is contained in data on the composition of household wealth. Figure 2 .8 12 shows the importance of durables in most households'portfolios. We order households along the dimension of total wealth and plot the percentage of their portfolio held in real estate (which consists of the primary residence for most households) and the percentage invested in corporate equity. For 60 per cent of all families, those between the thirtieth and ninetieth percentile, real estate represents most of their total assets while vehicles and other durables are an important part of the remaining portfolio. Below the thirtieth percentile, households have none or low wealth, most of it in vehicles and other durables. For example, note that 65.4 per cent of the households in the lowest quartile of the net worth distribution own vehicles with median value of $4800 while only 7.9 per cent of this group have …nancial assets beyond a transaction account. If we include the transaction accounts as …nancial assets, 78 per cent of these last quartile households have some …nancial assets, but with a median value of only $1100. These facts leave the highest 10 per cent of the wealth distribution as the only households for which …nancial assets are a fundamentally important part of their portfolio. A theory of life cycle consumption and saving should account for the low levels of …nancial wealth of most households.
Even more important, given our focus on life cycle consumption, is the portfolio composition of assets along the life cycle. Figure 2 .9 shows that the primary residence is a basic component of the median assets of households over their lives. Before households reach the age of 40, the median value of a homeowners' primary residence exceeds the median value of total assets for households holding some assets. After the age of 40, the median primary residence value stays always above 50 percent of the median of total assets. The same picture arises in a percentile decomposition of homeowners'portfolios. Up to the age of 45, the portion of homeowners'assets in real estate is around two thirds. After that time and until retirement it decreases, but never falls below 57 per cent 13 .
The age used is the age of the "head" of the family as de…ned by the SCF: the male in a mixed-sex couple, the older person in a same-sex couple or the main individual earner otherwise. 1 2 The data on asset composition by wealth percentiles was kindly supplied to us by Joseph Tracy. See Tracy et al. (1999) for the study in which these data were …rst used. 1 3 It can be argued that concentrating on homeowners'portfolios does introduce a selection bias in favor of primary residences. However, since most non-homeowners households hold very little wealth, including these non-homeowners in Figure 2.8 will reduce the level of the curves, but not necessarily the relation between them. We do not include non-homeowners to Again, theory needs to explain why housing and other durable goods have such a primary role in the life cycle accumulation of wealth for the median wealth household.
To summarize the empirical part of this paper: expenditures on nondurable and durable consumption goods follow a hump over the life cycle and the stock of durables seem to accumulate only progressively. At the same time young household hold most of their wealth in consumer durables, with …nancial assets gaining importance in later periods of a households life. We now present a model to jointly reproduce these stylized facts of life cycle consumption and portfolio decisions.
The Environment
In this section we present a dynamic general equilibrium model of life cycle consumption. We use a standard dynamic general equilibrium, life cycle model with income uncertainty, with two novel features: …rst we will introduce service ‡ows of consumer durables into the utility function and second, we will restrict intertemporal trade by endogenous borrowing constraints, as explained below in detail.
Demographics
There is a continuum of individuals of measure 1 at each point of time in our economy. Each individual lives at most J periods. In each period j J of his life the conditional probability of surviving and living in period j + 1 is denoted by j 2 (0; 1): De…ne 0 = 1 and J = 0. The probability of survival, assumed to be equal across individuals of the same cohort, is beyond the control of the individual and independent of other characteristics of the individual (such as income or wealth). We assume that j is not only the probability for a particular individual of survival, but also the (deterministic) fraction of agents 14 that, having survived until age j; will survive to age j + 1: Annuity markets are assumed to absent and accidental bequests are assumed to be uniformly distributed among all agents currently alive. In each period a
of newborns enter the economy, and the fraction of people in the economy of age j is de…ned recursively as j+1 = j j ; with J+1 = J = 0: Let J = f0; 1; : : : ; Jg denote the set of possible ages of an individual.
avoid the jump in primary residence value associated with the median households acquiring its …rst home. 1 4 In other words, we assume a law of large numbers to hold in our economy. See Feldman and Gilles (1985) for a justi…cation; note that we do not require realizations of the underlying stochastic process to be independent across agents.
Technology
There is one good produced according to the aggregate production function F (K t ; L t ) where K t is the aggregate capital stock and L t is the aggregate labor input. We assume that F is strictly increasing in both inputs, strictly concave, has decreasing marginal products which obey the Inada conditions and is homogeneous of degree one. As usual with constant returns to scale production technologies, in equilibrium the number of …rms is indeterminate and without loss of generality we assume that there is a single representative …rm.
The …nal good can be either consumed or invested into physical capital or consumer durables. Let by K d t denote the aggregate stock of consumer durables in period t: The aggregate resource constraint then reads as:
where C t are aggregate consumption expenditures and and d are the depreciation rates on physical capital and consumer durables, respectively.
Preferences and Endowments
Individuals are endowed with one unit of time in each period that they supply inelastically in the labor market. Individuals di¤er in their labor productivity due to di¤erences in age and realizations of idiosyncratic uncertainty. The labor productivity of an individual of age j is given by " j ; where f" j g J j=1 denotes the age pro…le of average labor productivity. The stochastic component of labor productivity, ; follows a …nite state Markov chain with state space 2 E = f 1 ; : : : N g and transition probabilities given by the matrix ( 0 j ): Let denote the unique invariant measure associated with : The initial realization of the stochastic part of labor productivity is assumed to be drawn from for all agents. We assume that all agents, independent of age and other characteristics face the same Markov transition probabilities and that the fraction of the population experiencing a transition from to 0 is also given by : This law of large numbers and the model demographic structure assure that the aggregate labor input is constant. As with lifetime uncertainty we assume that individuals cannot insure against idiosyncratic labor productivity by trading contingent claims. Moral hazard problems may be invoked to justify the absence of these markets.
In addition to her time endowment an individual also possesses an initial endowment of the durable consumption good, k according to
where is the time discount factor and E 0 is the expectation operator, conditional on information available at time 0. The period utility function u is assumed to be strictly increasing in both arguments, strictly concave, with diminishing marginal utility from both arguments and obeying the Inada conditions with respect to nondurable consumption. The instantaneous utility from being dead is normalized to zero and expectations are taken with respect to the stochastic processes governing survival and labor productivity.
Timing and Information
The timing of events in a given period is as follows. Households observe their idiosyncratic shock and receive transfers from accidental bequests. Then labor and capital is supplied to …rms and production takes place. Next households receive factor payments and make their consumption and asset allocation decision. Finally uncertainty about early death is revealed. Durables are not transferred until the end of the period. In that way, even if the household sells its stock of durables and use the payment to …nance present consumption of nondurables, it will hold the durables (and receive utility from the service ‡ow) until the end of the period. Analogously, the addition or subtraction to the stock will not in ‡uence the present period service ‡ow. All information is publicly held and the idiosyncratic labor productivity status (as well as survival status) becomes common knowledge upon realization.
Equilibrium
We will limit our attention to stationary equilibria in which prices, wages and interest rates are constant across time. Individuals are assumed to be price takers in the goods and factor markets they participate in. In each moment of time individuals are characterized by their position of capital and holdings of consumer durables, as well as their age and labor productivity status (k; k d ; ; j): Let by (k; k d ; ; j) denote the measure of agents of type (k; k d ; ; j); constant in a stationary equilibrium.
We normalize the price of the …nal good to 1 and let by r and w denote the interest rate and wage rate for one e¢ ciency unit of labor, respectively. Also let by T r denote transfers from accidental bequests. The consumer problem can now be formulated recursively as
Several speci…cations of the constraints b that limit short-sales of capital will be discussed below. Note that these constraints are allowed to vary by age and current labor productivity status 15 to re ‡ect di¤erences in future earning potentials among agents, and are allowed to vary by durable holdings next period to allow for collateralized borrowing.
We are now ready to de…ne a stationary equilibrium. Let J and E be the power sets of J and E, respectively and B be the Borel sets of R Let S = R R E J and S = B B E J and M be the set of …nite measures over the measurable space (S; S): De…nition 1 A stationary equilibrium is a value function V; policy functions for the household, c; k 0 ; k d0 ; labor and capital demand for the representative …rm, (K; L); prices (w; r); transfers T r; and a …nite measure 2 M such that 1. Given (w; r) and T r; V solves the functional equation (4) and c; k 0 ; k d0 are the associated policy functions 2. Input prices satisfy
4. Transfers are given by
The measure follows:
where T is the law of motion generated by and the policies k 0 and k d;0
as described below.
This de…nition is standard, possibly apart form the de…nition of transfers. The distribution of over agents at the beginning of the period, does not include the individuals that died at the end of last period. Hence total accidental bequests of capital from deceased households at the end of last period equal
where we also used the fact that the total number of agents in the economy is normalized to 1: A similar argument holds for bequests of consumer durables.
We now describe what we mean by the law of motion T being generated by and the policies k 0 and k d0 : The operator T maps M into M in the following way. De…ne the transition function Q : (S; S) ! [0; 1] by:
Note that this de…nition implicitly assumes that individuals are born with zero assets (capital and consumer durables).
To complete the description of the model, our speci…cations of the borrowing constraints are as follows. In our benchmark economy we specify the borrowing constraints b(k d 0 ; ; j) to be the smallest number to satisfy
0 ; j + 1) V (0; 0; 0 ; j + 1) for all 0 2 E i.e. households can borrow up to the point at which, for all possible realizations of the stochastic labor productivity shock tomorrow, they have an incentive to repay their debt rather than to default, with the default consequence being speci…ed as losing their debt, but also their consumer durables. Thus consumer durables play an important role not only in generating consumption services, but also as collateralizable assets against which agents can borrow. We will also report results for economies in which borrowing constraints are speci…ed as
The …rst speci…cation prevents borrowing altogether. Although we do not view this speci…cation as reasonable in an economy with collateralizable assets, since a large fraction of previous work on life-cycle consumption (in the absence of durables) has explicitly or implicitly (via judicious choice of the income process) used this speci…cation we want to present similar results for comparison. The second speci…cation allows households to borrow up to a percentage 1 against their stock of consumer durables.
We …nish this section by discussing an important element of our model: the absence of a durable goods rental market. Suppose households, in addition to buying durable goods, can also rent them from competitive providers of durable services for a rental rate of p r . Consistent with the timing of the model, suppose a unit of durables rented today yields consumption services tomorrow. Then the rental price has to satisfy p r = r + d ; and the net cost of renting one unit of services for tomorrow is r + d whereas the net cost of obtaining one unit of durables services via buying is 1
as the interest rate is positive. 16 In addition, purchased consumer durables relax the borrowing constraint and thus make buying instead of renting even more attractive. Therefore our modeling choices (households can buy and sell durables without adjustment cost) would imply that the option to rent the durable is strictly dominated by purchasing it, using it and selling it afterwards. are equivalent.
Obviously the introduction of transactions and agency costs associated with purchases of consumer durables (but also for repeatedly renting them) changes the argument; in our model with cross-sectional heterogeneity both positive rentals and purchases of durables would potentially occur in equilibrium. 17 Are these e¤ects important? Our answer is that, even if they may be of some importance, the insights of including an explicit rental market may not compensate for the additional computational burden involved. Note also that the existence of collateralized loans reduce the theoretical role of rental markets. Households, by judicious choice of when and how much to borrow will be able to repro- 1 6 Note that if the providers of the durable rental could rent the durable in the same period in which it is acquired by them, then the rental price would satisfy pr = and both the rent and buy option have the same cost associated with it. Still, since consumer durables have collateral value (they relax the borrowing constraint) for agents that face binding borrowing constraints, at least for these agents buying strictly dominates the renting option. 1 7 See Platania and Schlagenauf (2000) for an explicit life-cycle analysis of the purchase vs. renting decision for housing. duce nearly the same intertemporal allocation of consumption in our model as compared to a model with an explicit rental market.
Calibration
We choose the benchmark parametrization of our economy partly on the basis of microeconomic evidence and partly so that the stationary equilibrium for our economy matches selected long-run averages of US data.
Demographics
We de…ne a year as our unit of time. Then, with respect to demographics, we will have J = 81 generations. Therefore we can interpret our model as one in which households become economically active at age 20, and live up to age 100: The conditional survival probabilities f j g J j=1 are taken from Faber (1982) 18 . We plot these survival probabilities in Figure 4 .1.
Technology
We select a Cobb-Douglas production function
as a representation of the technology that produces the …nal good. We normalize A = 1 and set = 0:3 so that the equilibrium of our economy matches the longrun labor share of national income for the US of approximately 1 = 0:7. We choose the depreciation rates and d of physical capital and consumer durables to match investment shares of output and capital-output ratios for the US economy. In the steady state of our model I = K and
. We use data from the 2000 comprehensive revision of NIPA and Fixed Assets and Consumer Durable Goods of the Bureau of Economic Analysis (see http://www.bea.doc.gov for detailed information and downloadable tables) to compute K de…ned as Private Nonresidential Fixed Assets (equipment, software and nonresidential structures) and K d de…ned as Private Residential Structures and Consumer Durable goods. Since the NIPA are somewhat inconsistent in the treatment of the household sector (the accounts do include the imputed ‡ow of services from owner-occupied housing as part of GDP but not the services from other durables), we adjust NIPA data when needed to re ‡ect the measurement de…nitions in our economy: …nal, physical goods produced in the period. We use as our benchmark calibration = 
Preferences and Endowments
In each period agents supply one unit of time, the productivity of which is given by " j : The deterministic age pro…le of the unconditional mean of labor productivity f" j g J j=1 is taken from Hansen (1993). We take " j = 0 for j 46; in e¤ect imposing mandatory retirement at the age of 65.
In the parametrization of the stochastic idiosyncratic labor productivity process we follow Storesletten et al. (1999) . They build a rotating panel from the Panel Study of Income Dynamics (PSID) to estimate the stochastic part u it = ln( it ) of the labor income process for household i at time t
where " it N 0; First we do not allow labor income to go to zero. Even if this event has a very low probability (Carroll (1992) estimates this probability as 0:003 for a year), its e¤ects are substantial on intertemporal allocations: households will not borrow any positive amount since they may face a life-long sequence of zero labor income and may be unable to consume a positive amount and repay their debt in some period. This implication seems debatable, in particular in light of the existence of a collection of public income support programs in the U.S., given that the notion of labor income in the model should be interpreted as after tax, after government transfer labor income. Second, we do not impose a unit root in the autoregressive process for z it since Storesletten et al. (2001) are able to reject the null of a unit root 19 . This choice remains, however, an open and debated issue. In small samples it is very di¢ cult to separate a unit root from our value = 0:935, especially since with …nitely lived families, the stochastic process can not drift away too much from its initial condition. 20 Fortunately, our results are not very sensitive to this choice, as shown below when we perform sensitivity analysis by increasing towards unity.
Using the method proposed by Tauchen and Hussey (1991), we approximate this continuous state AR(1) process with a three state Markov chain 21 , which 1 9 Part of the appeal of the unit root assumption derives from the fact that, as pointed out by Deaton (1991) , it simpli…es the computation of the household problem since one state variable can be eliminated.
2 0 We performed Monte Carlo simulations to check that, when indiviudal wages generated with our chosen process are estimated with a unit root process we in general cannot reject the null of nonstationarity. 2 1 An approximation with more than three states would be desireable; computational constraints prevents this at the moment. 
As initial endowments of physical capital and durables we assume k 1 = k d 1 = 0. With respect to preferences we assume that the period utility function is of CRRA type:
where g ( ; ) is an aggregator function of the services ‡ows from durables and nondurables. A simple but quite general choice for the aggregator is an CES aggregator of the form:
where " is a number small enough to be irrelevant for our quantitative exercises, but makes the utility function …nite for k d = 0 (the intuition being that one can survive without a house and other consumer durables, but one cannot survive without food).
Unfortunately, we do not have conclusive empirical evidence about the value of . Eichenbaum and Hansen (1990) …nd that the substitutability between durables and nondurables is highly sensitive to the overall speci…cation of preferences. It is interesting that two of the three results are not signi…cantly di¤erent from zero. Ogaki and Reinhart (1998), using aggregate data and a similar speci…cation to ours, estimate = 0:143, not signi…cantly di¤erent from zero at the 5% level. Given this range of estimates, we …nd it reasonable to adopt as a benchmark the case = 0 (the aggregator function takes a Cobb-Douglas form) and test later for sensitivity of the results to our choice. The resulting period utility function is then given by
Also, for our benchmark calibration we choose a coe¢ cient of relative risk aversion = 2; a value in the middle of the range commonly used in the literature. We jointly pick the parameters and the time discount factor so that the steady state equilibrium for our benchmark calibration has an interest rate of r = 4% (see McGrattan and Prescott (2001) for a justi…cation of this number based on their measure of the return on capital and on the risk-free rate of in ‡ation-protected U.S. Treasury bonds) and a ratio of expenditures on nondurables and durables of 
Results

Aggregate Variables
In Table 5 .1 we report values for aggregate variables for our benchmark economy. 
6:2
Since we calibrated and to match an interest rate of 4% and a ratio between expenditures on nondurables and durables of 6:2, the …rst and last entry of Table 1 are obtained by construction. GDP in our economy is used for consumption (78%) and investment into physical capital (22%): These …gures are in line with long-run averages for the US economy (remember that our de…nition of GDP does not include housing services). The capital-output ratio Note that the capital-output ratio for physical capital is quite a bit higher than the one used in the calibration section. There are two possible explanations for this …nding. First, it may indicate that the interest rate we try to match is too low. However if we insist on our choices = 11:25% and = 0:3, then to obtain a K Y = 1:2 would require r = 13:75% since in a stationary equilibrium:
This interest rate is well beyond the plausible range for risk-free rates. A second explanation for the high ratio of physical capital is the absence of social security in our model. It is known that, in a standard dynamic general equilibrium model, a pay-as-you-go social security system that is not perfectly linked to contributions but redistributive, as the current system in the US, tends to reduce the level of asset accumulation in equilibrium 22 . As a consequence, our model should overpredict the amount of physical capital in the economy. The absence of social security biases the results against our main argument: the importance of durables to explain the life cycle pro…les of consumption and assets accumulation. If we show that durables are key to explain these pro…les even when no social security exists and the incentive for …nancial accumulation is higher, the result will hold even more tightly with a redistributive social security system. The size of this bias is, however, uncertain and the e¤ects of social security in an economy with durables deserve further research.
Life Cycle Pro…les
Figures 5.1 and 5.2 show the average life-cycle pattern of labor income, nondurable consumption expenditures and the stocks of consumer durables, …nan-cial assets and total net worth. We plot age on the x-axis, following our interpretation that agents start their economic life at the age of 20 and live up to the age of 100:
These averages are obtained by integrating the policy functions with respect to the equilibrium measure of agents, holding age …xed. For example, average nondurable consumption expenditures by cohort j is given by
Note that due to stochastic death cohorts are not of the same size, so that population averages are weighted averages of cohort averages. From Figure 5 .1 we see the hump shape of average labor income. This hump shape arises by construction since the life cycle pro…le for labor income parallels the life cycle pro…le of average labor productivity f" j g Also, in Figure 5 .1 we can see that expenditures on nondurable consumption obey a hump-shaped life cycle pattern, with peak around the age of 45 23 and a pattern and, more importantly a size ( about 40% bigger than age 20), quite similar to the one reported in Figure 2 .5. The increase in nondurable consumption in the early part of life is due to two factors in our model, both of which are crucially dependent on the presence of consumer durables. First, since durables generate service ‡ows, early in life it is optimal to build up the stock of consumer durables and compromise on consumption of nondurables. Second, once the stock of nondurables is built up, due to the nonseparabilities in the utility function the marginal utility from nondurable consumption is higher, due to a higher stock of durables. The hump shape in nondurable consumption is not due to bu¤er stock behavior per se as in Carroll (1992) or Gourinchas and Parker (2002) : households in our model, once they have accumulated consumer durables, can use these as collateralizable insurance against unfavorable labor productivity shocks as their borrowing capacity increases with their holding of durables.
It is important to note the increase of consumption late in life. This small increase is due to lifetime uncertainty. Households want to bu¤er until almost the end of their life; then they consume in the last periods since survival probabilities are low or zero. Also, from Figure 5 .1 we see how average consumption tracks deterministic average labor income. Since this income increase is perfectly forecastable, our model displays excess sensitivity of consumption to income as suggested by empirical data and contrary to the predictions of the basic Life Cycle-Permanent Income model (see Deaton (1992) for a review).
In Figure 5 .2 we show how the average wealth portfolio evolves over the life cycle. Early in life households borrow as much as possible to buy houses and other consumer durables. As time goes by, the stock of durables is built up and holdings of …nancial assets as well as nondurable consumption increases. Since households can borrow against their durable assets, the accumulation of …nancial assets occurs for life-cycle, and not for insurance purposes. Our model reproduces important facts about the life cycle composition of wealth: young households do save (net worth becomes signi…cantly positive by the age of 35), but they do not save in …nancial assets, but rather in consumer durables. As households become older, …nancial assets become a more important part of the household's wealth portfolio, with these assets being accumulated primarily to …nance consumption in retirement. Note that total net worth peaks at age 64, the year prior to retirement. Also note that households hold substantial net worth until high ages, mainly for insurance purposes against living too long. This correspond to the observation that elderly households seem to overaccumulate assets (or more precisely they do not run down their wealth fast enough). This peak in net worth at age 64 would be far less pronounced in the presence of a pay-as-you go social security system, because part of the life cycle motive of savings and the precautionary savings motive due to stochastic mortality disappears.
In Figure 5 .3 we plot the total stock of consumer durables. The stock follows a hump shape, di¤ering from a complete markets model where the desired stock is built up in the …rst period and only an amount equal to depreciation is spent each period thereafter. We plot the average expenditure on durables in Figure  5 .4. From this graph we notice that the model generates a pattern of consumer durables that somehow diverges from the observed pattern: there is a big peak in the …rst years and then it falls, even though it is possible to see somewhat of a hump after the …rst spike. One possible explanation is that in the data young families obtain bequests, which in large part come as consumer durables. A second possible explanation is the endogenous formation of households in the data. In our model, all households enter their active economic life at age 20, a time period where they want to build up the desired stock of capital. In the data, however, economically active (in the sense of our model) households are created endogenously due to di¤erences in marriage timing and education. This endogeneity smooths out the …rst big spike of durable expenditures in the data and leads to a pattern of life cycle durables expenditure reported in Section 2. 24 In Figure 5 .5 we plot several simulated life cycle patterns, from which we observe how households adjust their consumption decisions to labor income shocks. These shocks, although quantitatively important, are not able to overcome, however, the general pattern of a life cycle hump in consumption on average.
The stochastic patterns in Figure 5 .5 raise the question of the role of idiosyncratic income uncertainty. To address this issue we solve the model setting the variances of the labor income innovations to zero, i.e. computing the model without labor income uncertainty. The results are plotted in Figures 5.6-5.7 . Two results are worth mentioning. First, from the life cycle pattern of nondurable consumption in Figure 5 .6 we can see that, once uncertainty is eliminated, half of the hump in nondurable consumption disappears: the new pro…le is substantially smoother than before (see Figure 5 .1). With uncertainty borrowing constraints are tighter because default has to be prevented in all income states tomorrow, in particular in the high income states. A tighter borrowing constraint makes consumption co-move more with income. In addition risk averse households postpone a larger fraction of consumption until an important degree of uncertainty is revealed. In contrast, without labor income uncertainty this e¤ect is absent and higher nondurable consumption sets in earlier in life.
Second, the average holding of durables is smaller. As explained before, in an environment with uninsurable stochastic labor income, durables are also accumulated because the collateral services they provide in allowing borrowing to smooth nondurable consumption. Comparing the stock of durables from Figure 5 .7 with the stock of durables from Figure 5 .2 we can see that, for prime age households, the average holding of durables is reduced by around 15%.
Finally our model is also able to cast some light on two other important issues. First, the model predicts that only 58% of the households hold any …-nancial wealth in equilibrium, and these are households in later periods of their life. This low participation corresponds to the evidence on …nancial assets from the Survey of Consumer Finances and is obtained without the need of model elements such as a very high elasticity of intertemporal substitution or transaction costs commonly used in the literature to generate similar results. The presence of an alternative asset that also generates consumption and collateral services is enough to discourage 42% of households from participating in …nancial markets. Second, consumer durables can help to explain why households with higher life cycle income save proportionally more than poor households (see the empirical evidence presented in Dynan et al. (2004) ). Figure 5 .8 plots the life-cycle pro…le of …nancial assets for the average household, for a household that always enjoys the high labor income shock, ex-post, and for a household that always su¤ers the low income shock, also ex-post. We can see from this plot how the high income household, despite of having a realized lifetime income that is only 2.6 times higher than the low income households, has accumulated over six times more …nancial assets at age 65. This result comes from the strong nonhomogeneity introduced by the dual role of durables as a saving instrument and a consumption good: as the household becomes richer the marginal utility of durables decreases and …nancial assets become relatively more attractive. Quantitatively, around 50, the high income household only has around twice as many durables as the low income household but has accumulated already an important stock of …nancial assets while the poor household still has negative …nancial wealth.
Sensitivity Analysis
In this section we will consider two di¤erent issues. First, subsection A and B will study the behavior of the model under the alternative two borrowing constraints outlined in Section 3. Second, in Subsection C we will check the robustness of our calibration to di¤erent changes in parameter values.
Ad-Hoc Borrowing Constraints
In this subsection we describe how our main results change as we adopt a different form of borrowing constraint. The case on which most of the literature on life cycle consumption without durable goods has focused is an ad-hoc speci…cation limiting short-sales of bonds to a …xed number b: Often this number is set to b = 0 (see Aiyagari (1994) and Krusell and Smith (1998) among others). 25 Although such a speci…cation of the borrowing constraint in the presence of a collateralizable asset seems somewhat unreasonable we want to relate our results to the existing literature and hence adopt the constraint b = 0. Then, durables, while still providing services and hence utility to households, lose their role as collateralizable assets. We leave all other parameters unchanged from the benchmark calibration. 
In Table 6 .2 we report values for aggregate variables for the economy in which agents are prevented from borrowing. The main di¤erence between the economy with the endogenous borrowing constraint and the economy with no borrowing and is that the interest rate is signi…cantly lower in the latter case. This is a direct consequence of less demand for capital (loans), due to the fact that households are prevented from borrowing. It can also be argued that households now are prevented from smoothing bad income realizations and hence wish to hold a higher bu¤er stock of …nancial assets to self-insure against this income risk, particularly early in life, when mean income is low. We will argue below when discussing life cycle patterns of consumption and asset accumulation that, in the presence of consumer durables, this is not the case.
The total stock of physical capital is higher in the no-borrowing economy, and since by construction total labor input is …xed exogenously, total output in the economy increases. This results mirrors the theoretical …ndings of Aiyagari (1994) with in…nitely lived agents. The higher physical capital stock requires higher investment to replace the depreciated capital, hence the investment share of output increases from 22% to 25% of GDP. Consumption as share of GDP, of both nondurables and durables declines to 65% and 10%; respectively In Figure 6 .1 we plot the life cycle pattern of average labor income and consumption. By construction the income pro…le is identical across the two economies. Comparing the consumption pro…les we see that in the economy with no borrowing the hump-shape in consumption is more pronounced, the peak of consumption occurs later in life and consumption declines more rapidly toward the end of life. Also, the size of the hump is much bigger than the one reported in Figure 2 .5, indicating that this speci…cation of borrowing constraints is too extreme in imposing frictions on intertemporal trade. Since the interest rate is lower in the no-borrowing constraint economy, agents, ceteris paribus, prefer a consumption pro…le that declines more rapidly toward the end of life, compared to the economy with endogenous borrowing constraints. This governs the behavior after the age of around 45. Prior to that the constraint on borrowing determines the consumption choice. Young households expect increasing labor income, hence would like to borrow, which they are prevented from doing. Consequently they spend all their income and accumulate no …nan-cial assets (see Figure 6 .2). Conditional on this fact, a decision that remains is the allocation of income between expenditures on nondurables and investment into consumer durables. Figure 6 .1 shows that between the age of 20 and 30 an increasing fraction of income is devoted to nondurables: at the beginning of life agents build up the stock of consumer durables as with endogenous borrowing constraints. Since this accumulation cannot be credit-…nanced and hence comes at the expense of nondurable consumption, however, this process is slower in the economy with borrowing constraints that prevent all borrowing.
From Figure 6 .2 we also see that …nancial assets are not used to bu¤er bad income shocks early in life; this is accomplished by holding durables which both yield services and can be sold if necessary. Financial assets are used for retirement saving, as they become the dominant asset in the average household's portfolio after the age of 40.
One important di¤erence between the two economies is that with endogenous borrowing constraints the net worth of the average young generation is (slightly) negative: even when taking account of consumer durables, households up to the age of 30 borrow, on net, against their higher expected future labor income; mostly to …nance the accumulation of durables, but also to smooth consumption over time and states (in equilibrium the low interest rate relative to the time discount factor implies that a declining consumption pro…le is optimal).
Consumer Durables and Fixed Down Payment
As argued before, the presence of durables suggests that, using them as collateral, households should be able to borrow up to some amount. This consideration motivates a borrowing constraint of the form b(k
We pick = 0:8 which corresponds to a down payment requirement for purchases of consumer durables of 20%; following the real estate market practices. 26 We leave all the remaining parameters of the benchmark calibration unchanged. 
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We present the results for aggregate variables for this economy in Table 6 .3. As in the previous case, the main di¤erence, compared to the endogenous borrowing constraint economy, is that the interest rate is substantially lower. Also the stocks of physical capital and durables are higher. In fact, the stock of durables is even higher than in our benchmark economy. The result is closely related with the dual role of durables as collateral and as a generator of utility. The use of durables as collateral also reduces the importance of physical capital as a bu¤er to smooth income ‡uctuations and, as a consequence the stock of physical capital is lower than in the case in borrowing is not permitted altogether.
In Figure 6 .3 we plot the life cycle pattern of average labor income and consumption. The possibility to partially …nance the acquisition of durables reduces the hump with respect to the case of no borrowing, but it is still bigger than in our benchmark economy. In Figure 6 .4 we plot the life cycle patterns of consumer durables, …nancial wealth and total wealth. In this picture we can see how households take advantage of durables as a collateral and how they have negative …nancial wealth until their mid-forties, a point at which they begin to save for retirement. However, in comparison to the benchmark case with endogenous borrowing constraint, total wealth is always strictly positive since all borrowing has to be fully collateralized.
Changes in Parameters
In this subsection we will check the robustness of the results to changes in parameters. First we study the e¤ects of increasing the persistence parameter : The main consequence of this increment is a bigger hump in nondurable consumption. Here the reverse arguments we used to discuss the e¤ects of uncertainty apply. A higher persistence of labor income makes borrowing constraints tighter. High shock households have a higher incentive to default on debts when the shock is more persistent: they can leave behind their debts and rebuild their durables stock under the better labor income perspectives. Also, as a higher degree of uncertainty needs to be revealed through life when shocks are more persistence (the reversion to the mean of a particular realization of the shock is lower or nonexistent if a unit root is present), risk-adverse households will wait until more of this uncertainty is revealed before increasing their consumption. Quantitatively we found that the e¤ects of moving from our benchmark calibration to 0:99 are small.
Also small are the e¤ects of changing the elasticity of substitution between durables and nondurables. Even if this elasticity is crucial in the case of real business cycles models with household production (see Greenwood et al. (1995) ) since it governs the margin of substitution between the two sectors in the economy, in our model without endogenous labor choice it is of minor quantitative importance. Higher elasticities of substitution help to slightly delay the building of a stock of durables, improving the performance of the model to match the hump in durables but they decrease the hump in nondurables consumption.
Finally, to assess the importance of durables we drive the weight of durables in the utility function to zero. In this case our models nests a dynamic general equilibrium version of Carroll (1997) and Gourinchas and Parker (2002) 27 . We …nd two main di¤erences with respect to our benchmark calibration. First the hump in consumption is too big in size. Second households accumulate a bu¤er stock of …nancial assets at the beginning of their lives. With our benchmark choice of endogenous debt constraints, in the absence of durables, the constraints collapses to a standard positive borrowing condition because without the punishment associated with the loss of durables, households do not have any incentive to pay back any negative amount of debt 28 . This highlights the importance of durables: they interact with nondurables to get the pro…le of life cycle right, they serve as a self-insurance device and they are key to properly account for the size and composition of household wealth.
Conclusion
In this paper we demonstrate that consumer durables are crucial to explain the life cycle pro…les of consumption and savings. Households begin their economic life without a stock of durables and they are precluded from building this stock immediately because of the presence of limited intertemporal markets. As a consequence, during the …rst part of their life cycle, households are forced to progressively accumulate durables and compromise on their consumption of nondurables and accumulation of …nancial assets. This phenomenon can explain why we observe that empirical life cycle consumption pro…les, both of durables and nondurables, are hump shaped, even after controlling for demographics characteristics and why most households do not hold any substantial …nancial wealth until they enter into their forties.
To quantitatively explore this mechanism, we build a dynamic general equilibrium life cycle model with exogenous and uninsurable labor income risk and borrowing constraints. We parametrize the model using long run considerations and microeconomic evidence and we use it to generate life cycle pro…les of durables and nondurables consumption.
The model is able to match two basic aspects of the data: the hump in nondurables consumption and the life cycle component of wealth level and composition. The model also accounts for most of the hump in durables expenditures although some improvements still remain along this dimension. In addition, the model casts some light on several other important issues such as a) the tracking of income by consumption, b) the amount of savings undertaken by young households, c) the importance of insurable labor risk, d) the low participation of households in …nancial markets and e) the higher savings rate of households with higher life cycle income. An interesting …nal point is that, checking the behavior of the model under di¤erent borrowing constraints, we …nd that our choice of endogenous borrowing constraint outperforms the more commonly used exogenous speci…cation of the constraint. We do not restrict the choices, though, to lie in the grid, but use interpolation to cover any intermediate choices. The upper bounds on the grids are chosen large enough so that they do not constitute a constraint on the optimization problem. Using this grid we can store the value function V and the distribution of households as …nite-dimensional arrays. We solve for the steady state equilibrium as follows:
1. Guess r and use the equilibrium conditions in the factor markets to obtain the w.
2. Given V ( ; ; ; J + 1) = 0, we solve the value function for the last period of life for each of the points of the grid setting consumption to the total level of labor income plus the value of assets and the undepreciated stock of durables.
3. Given V ( ; ; ; J), …nd the value of the borrowing constraints b k
that makes the participation constraint hold with equality. If the borrowing constraint is speci…ed as exogenous, this value is trivially set equal to zero.
4. With the value of the borrowing constraint and V ( ; ; ; J), solve for V ( ; ; ; J 1) following the optimization routine described below in detail.
5. By backward induction, repeat the steps (3) and (4) until the …rst period in life. This yields policy functions k 0 ; k
Compute the associated stationary distribution of households . Note that, since lives are …nite, only forward induction using the policy functions is needed, starting from the known distribution over types of age 1:
7. Given the stationary distribution and prices, compute factor input demands and supplies and check market clearing.
8. If all markets clear, we found an equilibrium. If not, go to step 1 and update r.
We now comment in more detail on several aspects of this computation. The presence of state dependent borrowing constraints presents a challenge for the grid generation. In the simplest case, when these constraints are exogenously set to zero, the grid along the asset dimension can be generated using a standard procedure, distributing the di¤erent points along the positive real line. The case for endogenous borrowing constraints is more involved. We generate a dynamic multigrid for assets with the following procedure. Given a price vector, we compute the "natural debt" limit implied by the discounted value of the remaining life cycle income at the worst possible realization of the shock. With these limits, we generate a di¤erent grid for each period of life, ranging from this lower limit to some arbitrary, age dependent, positive number 29 . Since in general these "natural debt" limits will be lower than the borrowing constraint limit, the household may face the situation that, for a particular point of the grid, no positive consumption is feasible. Because for negative consumption, the utility function is not de…ned, we address this issue numerically using a penalty correction in the utility function: negative consumption implies such a huge negative utility that the household will never visit the areas of the multigrid that imply this negative consumption even after an arbitrary sequence of the worst possible realizations of the stochastic shock. The highest points in the grid for all type of borrowing constraints were chosen in such a way that the stationary distribution does not put mass in these points. The distribution of point in the grid is uniform. With this vector as an input, the optimization routine searches on the grid of durables and performs a Quasi-Newton update 30 on asset holdings conditional on each point of the durables grid except for values of the asset holding close to the borrowing constraints. For these values we substitute the QuasiNewton with a variant of the bisection method. This change allows for a correct treatment of the borrowing constraint in which the derivative of the objective function is not zero. We computed the needed numerical derivatives using a forward scheme. To improve e¢ ciency, we tried a two dimensional Newton search instead of the combination of grid search and Quasi-Newton. This alternative, however, was not adopted because of numerical instability problems.
Where needed, we use a simple linear or bilinear interpolation scheme. As a robustness check, we also tried a cubic spline interpolation with a "not-a- 2 9 The presence of durables makes the computation of this "natural debt"limit dependent on the stock of durables. To avoid this problem we take the limit implied by the …rst point in the grid of durables. This limit is strictly above the real "natural debt" limit for households with higher quantities of durables and was chosen to avoid optimizing in highly negative points of assets holdings. We check that in the optimization routine the borrowing constraint is always equal or higher than the lower bound of the grid.
3 0 Our most important deviation from the standard Newton-Raphson is that we impose relatively conservative bounds in the size of the update to avoid overshotings. These bounds proved more reliable than cooling down the algorithm because of the discontinuity in the computable objective function caused by the penalty correction.
knot" condition. Cubic splines match exactly the function values at the grid points with continuous …rst and second derivatives. The "not-a-knot" condition requires that the third derivative of the spline be continuous in the last n 1 and n 2 points of the grid. We found that this more sophisticated interpolation scheme implied outcomes that were virtually indistinguishable from the ones reported in the text and resulted in an important degradation of time performance.
In order to simulate the stationary distribution and life cycle pro…les and since we store only …nite-dimensional arrays, an individual choice k 0 k; k d ; ; j is interpreted to choose asset holdings k 1 and k 2 with probabilities and 1 . These probabilities solve the linear equation k 0 k; k d ; ; j = k 1 + (1 ) k 2 . A similar procedure is followed for the durable stock choice. We build average life-cycles with a simulation of a cross-section of individuals and check the law of large numbers with the …rst two moments of the distribution.
All the programs needed for the computation of the model were programed in Fortran 95 and compiled in Compaq Visual Fortran 6.1 to run on Windows PC. The computational materials are available upon request from the authors. 
